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REMARKS 

The present application relates to process for manufacturing a carbon fiber. 

Claims 1 - 15 and 17 - 29 are pending, with claims 20 - 29 being withdrawn, and claims 1 
- 15 and 17 - 19 being rejected. On page 2 of the Office Action, claim 2 was rejected under 35 
U.S.C. § 1 12, second paragraph, as being indefinite. On page 3 of the Office Action, claims 1 - 
7, 12-15, and 17 - 19 were rejected under 35 U.S.C. § 102(a, e) as being anticipated by Dugan 
(U.S. Patent 6,583,075). On page 5 of the Office Action, claims 1 - 7, 12 - 15 and 17 - 19 were 
rejected under 35 U.S.C. § 103(a) as being unpatentable over Masaru et al (JP 2001-073226) 
("Masaru") in view of Dugan. On page 9 of the Office Action, claims 8-11 were rejected under 
35 U.S.C. § 103(a) as being unpatentable over Dugan as applied to claims 1 - 7, 12 - 15 and 17 - 
19 above, and further in view of Powell et al (U.S. Patent 3,852,428) ("Powell") and Kiyohide 
(JP 03-064525) ("Kiyohide"). 

On page 10 of the Office Action, claims 1 - 6 and 12 - 14 were provisionally rejected on 
the ground of nonstatutory obviousness-type double patenting as being unpatentable over claim 
44 of copending Application No. 10/578,776. On page 1 1 of the Office Action, claim 15 was 
provisionally rejected on the ground of nonstatutory obviousness-type double patenting as being 
unpatentable over claim 39 of copending Application No. 10/578,776. Lastly, on page 1 1 of the 
Office Action, claims 7 and 17 - 19 were provisionally rejected on the ground of nonstatutory 
obviousness-type double patenting as being unpatentable over claim 37 of copending 
Application No. 10/578,776 in view of Dugan. 

From page 12 of the Office Action, Applicant acknowledges with appreciation that the 
Examiner considers claims 8 - 1 1 to be allowable (if rewritten in independent form). 
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Applicant has amended claim 1 to delete the term "polyacrylonitrile" and to recite "by 
contacting to gas containing oxygen and/or halogen gas" to further identify what Applicant 
regards as the invention. Support for this amendment can be found at, for example, page 17, 
lines 5-31 of the specification. 

Rejection under 35 U.S.C. § 112 

Claim 2 was rejected under 35 U.S.C. § 1 12, second paragraph, as being indefinite. The 
Examiner indicated that it was not clear from the specification or claims how "free volume 
diameter" is determined and the term "free volume diameter" does not have any specific 
meaning in the art and has not been define by the specification. 

In response, Applicant respectfully submits that the phrase "free volume diameter" is 
defined at page 21, lines 1 1 - 15 of the specification. Furthermore, this terminology is 
recognized in the art. In this regard, please find attached an article describing "free volume 
diameter" and a partial translation thereof. See TRC NEWS No. 80, July 2002. 

Applicant respectfully submits that the phrase "free volume diameter" is defined in the 
specification and has a recognized meaning in the art; therefore the requirements of 35 U.S.C. 
§ 1 12, second paragraph, are clearly met. 

Response to the Rejection under 35 U.S.C. § 102 

Applicant respectfully submits that present claim 1 and claims dependent thereon are not 
anticipated by Dugan. 

Present claim 1 recites, ". . . at least one thermoplastic carbon precursor selected from the 
group consisting of pitch, polycarbodiimide, polyimide, polybenzazole and aramide. . ." 
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Therefore, the presently claimed invention is novel over Dugan, because Dugan does not 
disclose all the requirements of present claim 1. 

Response to the Rejection under 35 U.S.C. § 103 based on Masaru in view of Dugan 

Applicant respectfully submits that the combination of Masaru in view of Dugan does not 
render claim 1 and claims dependent thereon obvious. 

Masaru cures a phenol resin using aldehyde in the presence of a cross-linking catalyst, 
using a solution of 5 to 20% weight of formaldehyde. See paragraphs [0018] and [0019]. The 
presently claimed invention recites that the stabilization treatment is performed in contact with a 
gas containing oxygen and/or a halogen gas. See claim 1 . 

Masaru uses a wet process. In contrast, the presently claimed invention uses a vapor 
phase process. Masaru is different from the present invention in using aldehyde and a 
crosslinking catalyst. 

The method disclosed in Masaru has the drawback that: 

". . . the phenol resin must be stabilized by a wet process for a long 
time and is hardly aligned and hardly graphitized, with the result 
that the development of strength and elastic modulus from the 
obtained fine carbon fiber cannot be expected." See page 2, lines 
26 - 35 of the specification. 

Dugan is different from the presently claimed invention because Dugan does not disclose 

all the requirements of the thermoplastic carbon precursor. Masaru is different from the 

presently claimed invention in the performance of the stabilization treatment. Thus, the 

combination of Dugan and Masaru does not reach the present invention. Therefore, the present 

invention is patentable over Masaru in view of Dugan. 
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Response to the Rejection under 35 U.S.C. § 103 based on Powell and Kiyohide 

Applicant respectfully submits that the proposed combination of Dugan, Powell, and 
Kiyohide does not render claim 1 and claims dependent thereon obvious. 



Powell discloses employing an organic material. However, the amount of organic 
material is completely different from the presently claimed invention as summarized in the table 
below. 





Claim 1 


Powell 


Organic material 
(thermoplastic resin) 


100 percent by- 
weight 


0.0 5 - 3 0 percent by 
weight 



Kiyohide discloses removing the thermoplastic resin before or during stabilization, i.e. 
"infusibilizing" treatment. See the English Abstract of Kiyohide. In the presently claimed 
invention, the thermoplastic resin is removed after stabilization treatment. Therefore, thermal 
decomposition or melt adherence of the carbon precursor is avoided in the presently claimed 
invention. 

In summary, Dugan does not disclose all the requirements of the thermoplastic carbon 
precursor. Kiyohide is different from the presently claimed invention in the timing of when the 
thermoplastic resin is removed. The amount of thermoplastic resin in Powell is different from 
the presently claimed invention. Therefore, the proposed combination of Dugan, Kiyohide, and 
Powell does not reach the presently claimed invention. Thus, Applicant respectfully submits that 
the presently claimed invention is patentable over Dugan in view of Powell and Kiyohide. 
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Response to the Provisional Nonstatutory Obviousness-type Double Patenting Rejections 

Applicant respectfully requests that the Examiner hold these provisional rejections in 
abeyance. 

In view of the above, reconsideration and allowance of this application are now believed 
to be in order, and such actions are hereby earnestly solicited. 

If any points remain in issue which the Examiner feels may be best resolved through a 
personal or telephone interview, the Examiner is kindly requested to contact the undersigned 
attorney at the local Washington, D.C. telephone number listed below. 

The USPTO is directed and authorized to charge all required fees, except for the Issue 
Fee and the Publication Fee, to Deposit Account No. 19-4880. Please also credit any 
overpayments to said Deposit Account. 

Respectfully submitted, 



SUGHRUE MION, PLLC 
Telephone: (202) 293-7060 
Facsimile: (202) 293-7860 

WASHINGTON OFFICE 

23373 

CUSTOMER NUMBER 

Date: January 22, 2009 
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(Translation) 



[Special Features] Nanotechnology 

(3) Evaluation, of Empty Hole by Positron Annihilation 
Method 

-Measurement of free volume of polymer- 

Material Property Research Dept. Hiroyuki HOSOMI, et al. 

1. Introduction 

Positron Annihilation Lifetime Spectroscopy 
("positron annihilation method" hereinafter) is a method of 
nondestructively evaluating the size, number and density of 
empty hole or empty space by measuring a time period 
(positron annihilation lifetime) for which positron enters 
a sample and annihilates. In the beginning, it was 
developed as a method of measuring a metal or semiconductor 
for an atomic defect or measuring a porous material for 
pores, but is recently applied to the evaluation of an 
empty space (free volume) in a polymer. This report gives 
a general introduction to a positron annihilation method 
and will then address an example in which it is applied to 
the evaluation of free volume of a polymer. 

2 . What is the positron annihilation method? 

A positron is a particulate having a mass 
equivalent to that of an electron and having an opposite 
positive charge, so that an empty hole having a radius of 
0.1 to 10 nm can be detected when it is used as a probe. A 
positron that is caused to enter a sample is repulsed by an 
atomic nucleus and is more highly probably caught in an 
empty hole. A positron in the empty hole soon collides 
with an electron that exudes on the empty hole surface to 
be annihilated. The greater the empty hole, the lower the 
probability of positrons colliding with electrons is, and 
the annihilation lifetime of the positrons increases (Fig. 
1) . 
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Fig. 1 Relationship of empty hole size and positron 
lifetime (schematic showing) 



Practically, a relationship shown in Fig. 2 is 
formed between the empty hole size and the positron 
annihilation lifetime. Porous materials of which the pore 
sizes are known are plotted in Figure, while it is seen . 
that the lifetime of positrons increases with an increase 
in the pore diameter. When this relationship is used, 
therefore, the size of an empty pore can be estimated on 
the basis of the positron annihilation lifetime. 
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Fig. 2 Relationship of empty pore radius and positron 
lifetime 

3 . Measurement method of positron annihilation lifetime 

As a source for generating positrons, 22 NaCl composed 
of radioactive isotope 22 Na is often used. 22 Na causes fi- 
de cay into 22 Ne, and in its process, it emits positrons and 
y-ray of 1.28 MeV at the same time. Positrons that enter a 
sample are once caught in an empty hole and then collide 
with electrons that exude on the empty hole surface to be 
annihilated. In this case, they emit y-ray of 511 kev. 
Therefore, using the y-ray of 1.28 Mev as a start signal 
and using the y-ray of 511 keV as a stop signal, a time lag 
between these two is measured, whereby a positron 
annihilation lifetime can be determined. 

Fig. 3 shows a general apparatus for measuring a 
positron annihilation lifetime. A start side (shown in 
red) for detecting y-ray of 1.28 Mev and a stop side (shown 
in blue) for detecting y-ray of 511 keV are constituted of 
the entirely equivalent systems. A start signal and a stop 



signal are sent to a control circuit portion (shown in 
black) to be processed. 
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Fig. 3 System £or measuring positron annihilation lifetime 

As a form of a sample, the form of a film is 
preferred, while samples such as a powder, a liquid, etc. 
different from the film in form can be measured when a 
special sample folder is used. 
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